Objectives: To survey the difference of frailty prevalence in elderly inpatients amongdifferent wards; to compare the diagnostic performance of five frailty measurements (Clinical Frailty Scale [CFS], FRAIL, Fried, Edmonton, Frailty Index [FI]) in identifying frailty; and to explore the risk factors of frailty in elderly inpatients. Participants and methods: This was a cross-sectional study including 1000 inpatients (mean age 75.2±6.7 years, 51.5% male; 542, 229, and 229 patients from cardiology, nonsurgical, and surgical wards, respectively) in a tertiary hospital from September 2018 to February 2019. We applied the combined index to integrate the five frailty measurements mentioned above as the gold standard of frailty diagnosis. Multivariate logistic regression models were used to determine the independent risk factors of frailty. Results: Frailty prevalence was 32.3% (Fried), 36.2% (CFS), 19.2% (FRAIL), 25.2% (Edmonton), 35.1% (FI) in all patients. The frailty was more common in non-surgical wards, regardless of the frailty assessment tools used (non-surgical wards: 27.5% to 51.5%; cardiology ward: 14.9% to 29.3%; surgical wards: 18.8% to 41.9%). CFS≥5 showed a sensitivity of 94.1% and a specificity of 85.2% for all patients. FI≥0.25 showed a sensitivity of 94.8% and a specificity of 87.0% for all patients. Age [odds ratio (OR) = 1.089, P<0.001], education level (OR = 0.782, P=0.001), heart rate (OR = 1.025, P<0.001), albumin (OR = 0.911, P=0.002), log D-dimer (OR = 2.940, P<0.001), ≥5 comorbidities (OR = 2.164, P=0.002), and ≥5 medications (OR = 2.819, P<0.001) were independently associated with frailty in all participants. Conclusion: Frailty is common among elderly inpatients, especially in non-surgical wards. CFS is a preferred screening tool and FI may be an optimal assessment tool. Old age, low educational level, fast heart rate, low albumin, high D-dimer, ≥5 comorbidities, and polypharmacy are independent risk factors of frailty in elderly hospitalized patients.
Introduction
Populations around the world are rapidly ageing, but longevity is not being accompanied by an extended period of good health. 1 In China, the number of the elderly population, defined as 65 years or older, has reached 160 million, accounting for 11.9% of the total population in the end of 2018. 2 Given the ever-expanding older population, frailty is becoming a prominent public health problem. 3 Many studies have shown that frail old adults are at higher risk for adverse health outcomes, 4 and that intervention can reduce the level of frailty. 5, 6 Hence, frailty deserves more attention. Data science is increasingly used to explore the potential predictors of frailty, 7 and artificial intelligence is used to try to reveal the causal relationships among some phenomena. 8 Tools for frailty evaluation are based on two basic concepts of frailty: physical frailty and multidimensional frailty. Frailty phenotype proposed by Fried et al focuses on the physical weakness, which includes grip strength, weight loss, exhaustion, walking speed, and physical activity. 9 Jones et al propose frailty index (FI) which quantifies the cumulative burden of multidimensional deficits. 10 The Edmonton frail scale (EFS) is a simplified assessment tool also based on the multidimensional frailty. 11 Meanwhile, frailty screening tools are developed to save the excessive time spending on the frailty assessment given the busy clinical settings. The most commonly used frailty screening tools are clinical frailty scale (CFS) 12 and FRAIL scale. 13 However, few studies have simultaneously evaluated different frailty screening and assessment tools in the same cohort of hospitalized patients, especially from different wards. Moreover, there is currently no recognized gold standard measurement of frailty.
Compared with developed countries, frailty researches start late in China, and most of them focus on the community-dwelling elderly population. A recent systematic review indicates an overall pooled prevalence of frailty among Chinese community-dwelling older people of 10%. 14 A limited number of studies show that the prevalence of frailty among Chinese hospitalized older patients ranges from 18% to 54%, which are evaluated by different tools, mostly focusing on the department of geriatrics. [15] [16] [17] [18] [19] [20] However, due to the different characteristics of the disease itself and therapeutic approaches, the results from geriatric ward cannot be simply applied to the situation of other wards. To the best of our knowledge, there is no research comparing the frailty of elderly hospitalized patients from different wards in China, nor in other countries around the world.
The objectives of this study are three-fold: 1. survey the prevalence of frailty in elderly hospitalized patients among different wards to provide evidence for decision-making in hospital management; 2. compare the sensitivity and specificity of different frailty screening and assessment tools to provide suggestions for optimizing the evaluation of frailty in clinical settings; 3. explore the associated risk factors of frailty in elderly hospitalized patients to offer a possible direction for future intervention.
Materials and Methods

Study Design
We conducted a cross-sectional survey study on a comprehensive geriatric evaluation of elderly patients who were consecutively admitted to a tertiary referral hospital (Beijing, China), from September 2018 to February 2019.
Participants
Considering that frailty could be affected by the nature of diseases, we surveyed the elderly patients from ten wards covering medical and surgical departments. Due to the big differences of treatment between cardiology department and traditional medical departments, we divided the ten wards into three groups which were cardiology ward, nonsurgical wards (i.e., respiratory ward, geriatric ward, neurology ward, rehabilitation ward, and traditional Chinese medicine ward), and surgical wards (i.e., general surgery ward, orthopedics ward, urology ward, and cardiac surgery ward). Inclusion criteria were: (1) age 65 years or older;
(2) hospitalized patients. Exclusion criteria were: (1) could not cooperate with the assessment procedure (such as severe cognitive impairment, deafness, unstable vital signs, etc.); (2) refused to sign the informed consent.
Information Collection
In order to be traceable, we collected the patients' medical history (especially the diagnosis of diseases) and blood tests' results from the electronic health records by observers who had medical licenses in mainland China and were trained before participating in this study. As for comprehensive geriatric assessment, including demographic information, frailty assessments, mood, cognition, basic activities of daily living (BADL), instrumental activities of daily living (IADL), medications, geriatric syndrome, grip strength, 4m-walking speed, and others (details were described in the "Frailty Assessments" section), we invited eight experienced nurses who just retired from our hospital to be investigators. Before the beginning of patients' enrollment, all investigators received three rounds of training for the procedure of comprehensive geriatric assessment, through investigation manuals, videos, and simulated patients. All investigators passed a training test before participating in the formal investigation to ensure the accuracy and consistency of information collection. Study data were collected and managed using the Research Electronic Data Capture (REDCap) hosted at Peking University Clinical Research Institute. 21 
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Frailty Assessments
We used the following tools to assess the frailty of hospitalized elderly patients:
1. The clinical frailty scale (CFS, scores between 1 and 9; scores ≥5 defined as frailty)
The Rockwood CFS was a fast frailty screening tool which scored based on semiquantitative evaluation of the patient's symptoms, inactivity, exhaustion, and disability for BADL and IADL. For example, if an individual with limited dependence on others for IADL, would score 5 on the CFS. Patients with a CFS≥5 were classified as frailty. 12 2. FRAIL scale (scores between 0 and 5; scores ≥3 defined as frailty)
The FRAIL scale was an interview-based instrument that did not need physical performance measures and required less time. The items measured components of fatigue, resistance, ambulation, unintentional weight loss, and illnesses, and a score of ≥3 was classified as frailty. 13 3. Fried frailty phenotype (scores between 0 and 5; scores ≥3 defined as frailty)
The Fried frailty phenotype was widely used as a frailty assessment consisting of 5 criteria: unintentional weight loss, exhaustion, low grip strength, slow walking speed, and low activity. Patients with a score≥3 were classified as frailty. 9 4. The Edmonton frail scale (scores between 0 and 17; scores ≥8 defined as frailty)
The Edmonton frail scale was a multidimensional frailty assessment tool that included 10 domains: cognition, general health status, functional independence, social support, medication use, nutrition, mood, continence, and functional performance (Timed Get Up and Go). 11 The reliability and validity of the Chinese version of Edmonton Frail Scale in assessing the frailty of the elderly have been validated. 22 The score ranged from 0 to 17. Patients with a score ≥8 were classified as frailty. 11 5. The comprehensive geriatric assessmentfrailty index (CGA-FI, scores between 0.03 and 0.67; scores ≥0.25 defined as frailty)
Rockwood proposed frailty as a clinical state resulting from the accumulation of deficits. 10 These deficits could be combined in a frailty index (FI) to reflect the proportion of deficits presenting in a person. The key to geriatric medicine was comprehensive geriatric assessment (CGA). In 2008, Rockwood put forward a standard procedure for creating an FI based on the CGA. 23 According to the core criteria (associated with health status; prevalence increased with age; did not saturate too early; covered a range of systems), 23 we selected 48 variables to construct the CGA-FI. The first 14 items of the CGA-FI were 6-item Katz's basic activities of daily living (bathing dressing, using the toilet, getting in/out of chair, feeding, and incontinence) 24 and 8-item Lawton's instrumental activities of daily living (shopping, finances, using transportation, using telephone, managing medications, housekeeping, preparing meals, and washing clothes). 25 There were 16 items focusing on the chronic diseases, which included hypertension, coronary heart disease, atrial fibrillation, congestive heart failure, peripheral artery disease, chronic lung disease, sleep apnea hypopnea syndrome, diabetes, thyroid dysfunction, peptic ulcer, stroke, chronic kidney disease, osteoarthritis, osteoporosis, Parkinson's disease, and cancer recorded by electronic health records. Three items focused on the mood, which included depression, anxiety and loneliness. Depression was defined by 5-item Geriatric Depression Scale (GDS-5items, score≥2). 26 Anxiety was defined by the Hospital Anxiety and Depression Scale-Anxiety (HADS-A, score≥8). 27 The Mini-Mental State Examination (MMSE) 28 was an item reflecting the cognition of patients. Seven items assessed geriatric syndrome, which consisted of visual impairment, hearing impairment, chewing impairment, fall history, chronic constipation, chronic pain, and insomnia defined by Athens Insomnia Scale (AIS, score≥6). 29 Depending on assistive devices and taking exercise outside were two items rating the ability of activity. The last five items were objective measurements including body mass index (BMI), calf circumference, peak flow, grip strength, and 4m-walking speed. The detail cut-off values were in Appendix Table 1 . The CGA-FI was the result of the sum of all variables' score divided by 48.
Patients with a CGA-FI≥0.25 were classified as frailty. 23 6. The combined index (scores between 0 and 5; scores ≥3 defined as the "gold standard" of frailty)
There was no gold standard in evaluating the frailty of elderly hospitalized patients. Therefore, we used the above mentioned five frailty assessment tools to produce a combined index that we assumed to be the gold standard of frailty tool. Subjects were defined as frail if so identified by at least 3 of the 5 tools, which meant the combined index's score ≥3. This methodology has been previously suggested by Pablo et al. 30 
Statistical Analyses
Kolmogorov-Smirnov tests were used to check continuous variables for normal distribution. Data were described as mean ± SD (for normally distributed variables), median and quartiles (for non-normally distributed variables), and frequency and percentiles (for categorical variables 
Results
Demographic and Baseline Clinical Characteristics in All Subjects
During the study period, a total of 1342 elderly patients from ten different wards were screened, among which 322 patients did not meet the enrollment criteria and 20 patients did not finish the assessments. Hence, a total of 1000 participants were included in the final analysis ( Figure 1 ). Among the 1000 participants, 542 patients were from cardiology ward, 229 patients were from nonsurgical wards (i.e., respiratory ward, geriatric ward, neurology ward, rehabilitation ward, and traditional Chinese medicine ward), and 229 patients were from surgical wards (i.e., general surgery ward, orthopedics ward, urology ward, and cardiac surgery ward). There were 51.5% males (515/1000) in the study and the average age was 75.2±6.7 years for all participants. About one-third of patients achieved an educational level of university or higher. The vast majority of them (96.4%) were living in cities and 8.6% patients were living alone. The income per month for more than half of the participants was between 4000 and 8000 Renminbi (RMB). There were 11.2% of patients who had 5 or more comorbidities and 50.6% of patients who took 5 or more medications regularly at home. The median of length of hospital stay for all patients was 8 days. The nonsurgical wards had the longest median hospital stay of 12 days, while the cardiology wards had the shortest median hospital stay of 6 days (P<0.001). More detailed demographic and clinical information are presented in Table 1 .
Identification of Frailty in Elderly Inpatients from Different Wards
Frailty prevalence varied according to frailty assessment tools used. For all participants, frailty prevalence estimates were 32.3% (Fried), 36.2% (CFS), 19.2% (FRAIL), 25.2% (Edmonton), and 35.1% (FI). We used combined index which integrated five above mentioned frailty assessment tools as the presumed gold standard for diagnosis of frailty. We found 27.6% of all participants were frail according to the gold standard. Moreover, non-surgical wards showed the highest frailty prevalence of 42.4%, while the cardiology ward had the lowest frailty prevalence of 20.7% and the surgical wards showed the frailty prevalence of 29.3% (cardiology ward vs non-surgical wards: P<0.001; cardiology ward vs surgical wards: P=0.097; non-surgical wards vs surgical wards: P=0.001). The frailty was much more common in non-surgical wards, regardless of the frailty assessment tool selected (non-surgical wards: 27.5% to 51.5% vs cardiology ward: 14.9% to 29.3% vs surgical wards: 18.8% to 41.9%) ( Figure 2 ). According to the combined index≥3 as the gold standard for diagnosis of frailty, we found FRAIL≥3 showed the highest specificity (97.0%) and lowest sensitivity (63.0%) and FI≥0.25 showed the highest sensitivity (94.8%) for all participants. As for cardiology ward and non-surgical wards, FRAIL≥3 also showed the highest specificity (96.3% for cardiology ward; 99.2% for non-surgical wards) and lowest sensitivity (58.0% for cardiology ward; 63.9% for nonsurgical wards), meanwhile FI≥0.25 showed the highest sensitivity (96.4% for cardiology ward and 95.9% for nonsurgical wards). Different from the above two groups, in surgical wards, Edmonton≥8 showed the highest specificity (98.1%) and lowest sensitivity (59.7%) and CFS≥5 showed the highest sensitivity (98.5%) ( Table 2) .
Risk Factors Associated with Frailty in Elderly Inpatients from Different Wards
As for all participants, we found age (P<0.001), gender (P=0.007), education level (P<0.001), heart rate (HR, P<0.001), diastolic blood pressure (P=0.043), BMI (P=0.024), hemoglobin (P<0.001), white blood cell (P=0.007), albumin (P<0.001), log D-dimer (P<0.001), ≥5 comorbidities (P<0.001), and ≥5 medications (P<0.001) showed significant association with the frailty defined by the gold standard using the univariable Logistic regression. By using the multivariable Logistic regression, we found age (OR = 1.089, P<0.001), education level (OR = 0.782, P=0.001), HR (OR = 1.025, P<0.001), albumin (OR = 0.911, P=0.002), log D-dimer (OR = 2.940, P<0.001), ≥5 comorbidities (OR = 2.164, P=0.002), and ≥ 5 medications (OR = 2.819, P<0.001) showed independent association with the frailty for all participants (Table 3 ). Appendix Table 2 shows the correlation of 16 comorbidities and frailty by univariable and multivariable Logistic regression.
Discussion
To our best knowledge, this is the first study focusing on the frailty of elderly inpatients from different wards by using various frailty evaluation tools. We found that frailty is common among elderly inpatients, especially in nonsurgical wards. CFS is a preferred frailty screening tool due to its high sensitivity and acceptable specificity. As for frailty assessment tools, EFS has the highest specificity but unsatisfactory sensitivity, while FI has the highest sensitivity with good specificity. Old age, low educational level, high HR, low albumin, high log D-dimer, ≥5 comorbidities, and ≥ 5 medications are independently associated with the frailty in hospitalized patients.
Prevalence of Frailty in Elderly Hospitalized Patients
Our study showed that the overall prevalence of frailty of all the elderly hospitalized patients was 27.6% which was evaluated by the combined index. Compared with the pooled prevalence of frailty among community-dwelling older people (10%), 14 elderly hospitalized patients deserve more attention on assessment and intervention of frailty. We found that the prevalence of frailty of inpatients from cardiac ward, non-surgical wards, and surgical wards was 20.7%, 42.4%, and 29.3%, respectively. The overall prevalence of frailty in our study was consistent with previous published results which showed that 18% to 54% of elderly inpatients were frail among different regions in China. [15] [16] [17] [18] [19] [20] 31 However, no published results showed the data of frailty from different wards simultaneously, mostly only focusing on the department of geriatrics or only one type of disease. Our results revealed that non-surgical wards had the highest incidence of frailty and longest hospital length among the cardiac ward and surgical wards. This phenomenon might be explained by the differences among the characteristics of different diseases, selective bias of patients in different wards due to the selected treatments, and other relevant facts. For example, a severe frail patient was more likely to choose conservative medical treatment rather than a surgical approach. 
Evaluation of Frailty by Different Tools
We found that the prevalence of frailty for all patients varied from 19.2% to 36.2% depending on the evaluation tool applied. Previous studies also showed that different tools for the same cohort of patients would have different results of frailty prevalence. [32] [33] [34] [35] [36] We used the combined index as the gold standard to evaluate the sensitivity and specificity of two frailty screening tools and three assessment tools. We found CFS as a screening tool has better sensitivity (94.1% for all patients, range from 91.8% to 98.5% for different wards) than FRAIL (only 63.0% for all patients, range from 58.0% to 65.7% for different wards), meanwhile CFS also has an acceptable specificity, ranging from 81.5% to 87.2%. A previous study illustrated that FRAIL also had a lower sensitivity (54.6%) than CFS (89.6%), but FRAIL performed better in predicting in-hospital mortality. 32 Another study in comparison of six frailty evaluation tools for patients with chronic heart failure also indicated that CFS was a simple and good screening tool for frailty. 34 Considering the shortened screening time and acceptable sensitivity, we also consider CFS as a better frailty screening tool than FRAIL. As for the frailty assessment tools, we found FI showed the highest sensitivity (89.6-96.4%) and good specificity (81.1-89.5%) for identifying the frailty for all wards, while EFS showed the highest specificity (91.7-98.1%) without good sensitivity (59.7-83.5%) among these three assessment tools. Fried scale showed moderate performance in both sensitivity (71.9-86.6%) and specificity (81.8-90.1%). There were few studies focusing on the comparison of different frailty assessment tools. A previous study has compared four different frailty measurements, using FI as the gold standard directly. 32 Another previous study also showed EFS had the highest specificity (98%) but low (62%) sensitivity for patients with chronic heart failure. 34 Considering the sensitivity and specificity of frailty diagnosis, we deem FI as the best frailty assessment tool compared to EFS and Fired scale. However, without clinical outcomes at present, we are unable to give the optimal choice of frailty assessment tool with the best prognostic value.
Associated Risk Factors of Frailty
Our study demonstrated that elderly hospitalized patients with older age, lower educational level, more comorbidities, polypharmacy, lower albumin, higher heart rate, and higher log D-dimer were more likely to develop into frailty. Our results were consistent with previous findings which also indicated the association of older age, 37 lower educational level, 38 more comorbidities, and polypharmacy 39 with frailty. Previous studies showed that there was a close relationship between nutritional status and frailty. 31 Our study also found lower albumin which reflected nutritional status was independently associated with frailty. D-dimer is an important clinical assay for the detection of active coagulation and fibrinolysis. It is widely used in clinical practice to rule out clinically suspected deep venous thrombosis and pulmonary embolism. However, a previous study revealed that D-dimer levels increased with age even in the absence of detectable thrombosis. 40 Rising levels of D-dimer with age can be explained partially by the high prevalence of pro-inflammatory conditions and increasing burden of lipid abnormalities, anemia and obesity. 41 These factors compromise the specificity of D-dimer levels as a diagnostic marker to thrombosis in older individuals but give the possible reasons why D-dimer is independently associated with frailty in elderly patients. A previous study indicates that D-dimer is an independent predictor for incident frailty in post-menopausal women. 42 It is consistent with our finding which also concludes D-dimer as an independent risk factor of frailty in elderly patients. The role of markers of coagulation and fibrinolysis in the frailty of elderly patients deserves more attention and exploration in the future.
Surprisingly, we found heart rate was independently associated with frailty. This is a remarkable finding rarely noticed in the frailty related research. In the previous literature, the relationship between heart rate and frailty was mentioned only in the studies on orthostatic hypotension and frailty. However, one study discovered that baseline heart rate and early heart rate responses appeared impaired in frailty, 43 while another study did not show obvious differences in heart rate between frail and nonfrail groups. 44 In the general population, elevated resting heart rate is associated with cardiovascular risk factors 45 and increased mortality. 46 In the elderly population, elevated heart rate is also an independent risk factor for shortterm 47 and long-term mortality. 48 This phenomenon fits well with the Levine theory that subjects with higher heart rate are dying at an earlier age because of the depletion of their heart rate capital. 49 Elevated heart rate may reflect cardiovascular autonomic nervous dysfunction and decreased cardiopulmonary function. These may be the possible reasons why high heart rate is associated with frailty in elderly patients. However, a recent Danish study which enrolled 854 subjects with a median age of 95.2 years demonstrates that elevated heart rate is not associated with increased mortality in very old people. 50 According to our current study, we cannot give solid evidence to present a clear causality between heart rate and frailty. But we do consider heart rate as a significant role in frailty, despite of different voices.
Limitations
There are several limitations in our study. First, there is no established "gold standard" measurement of frailty in elderly patients, although we used five frailty tools to balance the bias. Second, our study is a cross-sectional study, so we cannot give the predictive values of different frailty measurements and the causality conclusions. Third, we only selected ten representative departments in a single tertiary hospital, which may have a degree of selection bias for elderly inpatients. Multicenter studies with a larger sample size and longer follow-up are warranted in the future.
Conclusions
In summary, frailty prevalence varies according to different measurements, but is common among elderly hospitalized patients, especially in non-surgical wards. Given the sensitivity and specificity of identifying frailty, CFS is a preferred screening tool and FI may be an optimal assessment tool. Old age, low educational level, fast heart rate, low albumin, high D-dimer, ≥5 comorbidities, and polypharmacy are independently associated with the frailty of elderly hospitalized patients. 
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